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Sir: ; ". 

- 1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1. I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc. , South San Francisco, California 94080. 

2. Between 1993 and 2001 I headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scieintificCumciilumVitae, including my Ustofpiiblications, is attached to an^ 
forms part of this Declaration (Exhibit A); 



"Serial .No.: * 
Filed: * 



4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e. s 
"gene amplification") assay described in the above captioned patent applicatioa 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et al rj Biotechnology 10:413-417 (1992) (Exhibit B); Livak et o/>, PCR 
Methods AopL. 4:357-362 (1995) (Exhibit C) and Heid et aL Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA pblymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result* 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TiaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression* 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et a/., Proa 
Natl. Acad Sci. USA 95(25):14717-14722 (1998> (Exhibit E); Pitti et aL Nature 
396(6712);699-703 (1998) (Exhibit F) and Bieche et aL Int. I Cancer 78:661-666 (1998^ (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et aL have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines y 
colorectal tumors and normal mucosa. Pitti et aL studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et aL used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to, detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and: 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy." 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. , 



Date : Audrey D.Goddar4Ph.D. 



AUDREY D. GODDARD, Ph.D. 



Genentech, Inc. 110 Congo St. 

1 DNA Way San Francisco^ CA, 94131 

South Sari Francisco, CA/9408Q 415.841.9154 

650.225.6429 415.819.2247 (mobile) 

goddarda@gene.com agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 

Genentech, Inc. 1993-present 
South San Francisco, CA 

2001 - present Senior Clinical Scientist 
Experimental Medicine / BioOncdlogy, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials : 



1998-2001 Senior Scientist 

hfead of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen "including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 - 1998 Sci ntist 

Head of the DNA Sequencing Laboratory, Molecuiar Biology Department, Research 
Responsibilities 

• DAW sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein : 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High i throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

• Research: • ■ • 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes, 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature " . . 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89 -12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney ^ 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J arid DBA mice 
EDUCATION 

University of Toronto 

Toronto, Ontario, Canada. 1989 
Department of Medical 
Biophysics. 

Honours B.Sc McMaster University, 

-The in vitro metabolism of the cytochrome P-448 Hamilton,. Ontario, Canada; 1983 
inducer p-naphthoflavone in C57BL/6J mica" Department of Biochemistry 
Supervisor: Dr. G. D. Sweeney 



Ph.D. 

"Phenotypic and genotypic effectis of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 1989-1992 

Medical Research Council Studentship 1983-1988 

NSERC Undergraduate Summer Research Award 1983 

Society of Chemical Industry Merit Award (Hons. Biochem.) 1983 

Dr. Harry Lyman Hooker Scholarship 1981-1983 

J.LW. Gill Scholarship 1981-1982 

Business and Professional Women's Club Scholiarship 1980-1981 

Wyerhauser Foundation Scholarship 1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes, (functional Genomics: From Genome to Function, Litchfield 
: Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL/USA. February 

,' .2000- ' • . . .'; 

Quality contrbl in DNA Sequencing: The use of Phred and Phrap, Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations, in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA June 1994 

A previously uncharacterized gene, myl,. is fused to the retinoic acid receptor alpha gene in 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS ; 

Goddard A, Godowski PJ, Gurney AL. NL2 Tie ligancT homologue polypeptide. Patent 
. Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski P J and Gurney AL. NL3Tie ligand homologue nucleic acids. Patent 
Number 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, .Tumas D, 
Schwall R NL4 Tie ligand homologue nucleic acid. Patent Number. 6,4137,770. Date of 
Patent: July 2, 2002: 

Ashkenazi A, Fong S, Goddard A Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptidies. Patent Number: 6,410,70& Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan .KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number 6,387,657. Date of Patent: May 14, 2002. 

Goddard A Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fohg S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number 6,348,351 Date of Patent: 
Feb; 19, 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number 6,348,350. 
Date of Patent: Feb. 19 r 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial : growth 
hormone insensitivity syndrome* Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1 998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A Treatment of partial growth hormone 
insensitivity syndrome. Patent Number 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dawd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and. post-natal growth retardation. Manuscript in 
preparation. 

. Aggarwal S, Xie; M-H, Foster J, Frantz G, Stinson J, CorpuzRT, Simmons L, Hillan K, 
Yansura DG,. Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the . 
/ fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J," Qowd P, Colman 
S., Lewin DA. (2001 ) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. 

Lee J. Ho WH. Marupka M. Corpuz RT; Baldwin DT. Foster JS. Goddard AD. Yansura DG; 
Vandlen RL. Wood WL Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
.17 receptor hbmolog IL-17RM , Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (|L)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss G A, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. NatL Acad. ScL USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) fA regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application pf cDNA microarrays in determining .molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J. Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hiridbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1 999) Characterization of the human suppressor of 
fused;, a negative regulator of the zinc-finger transcription factor GIL J. Cell ScL 112: 4437- 

''4446;' 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A,A/agts A,,Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A;L, (1 999) FGF-1 9; a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M/Lee J. SchilbachS, Goddard A and Dixit V. (1999) mE10, a novel caspase : 
recruitment domain-containing proapoptotic molecule. J. Biol.Chem. 274(15): 10287-10292. 

GumeyAL, MarstersSA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S. SchowP. Goddard AD, Wood Wl, Baker KP, Godowski PJ and . 
Ashkenazi A (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology W- 215-218. 
Ridgway JBB. Ng E. Kern JA , Lee J, Brush J, Goddard A and Carter P. (1999) Identification : 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW Baldwin DT, Godowski PJ, Wood Wt, Gumey AL. Hillan KJ, Cohen RL, 
Goddard AD, Botsteirt D and Ashkenazi A. (1 998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 
Pennica D. SwansonTA. Welsh JW, Roy MA, Lawrence DA, Lee. J, Brush J, ^neyhillLA 
: Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Qu,rke P, Goddard AD, 
Hillan KJ, Gumey AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue" growth factor fan% that ^471 7 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sa USA. 95(25). 14717- 

''"•■14722; . ' r; 

1 Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl GumeyAL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysacchande-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z. Yuan JQ. Goddard A, Adams CW. PrestaLG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 16(7): 677-681. 

MarstersSA, Sheridan JP, Pitti RM, Brush J, Goddard A and ff^f^^^^. ^ 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Btology 8(9). 

525^528. 

Xie J Murone M, Luoh SM. Ryan A, GuQ, Zhang C, Bonifas JM, Lam CW, Hynes M, _ 

GoddarSX Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 

mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A. Skubatch M. Baldwin D Yuan J Gurney K [ 

Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRA|L 

contains a truncated death domain. Current Bioiogy. 7(12): 1003-1006. 

Hynes M Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gumey A and Rosenthal A. (1997) 

Control of cell pattern in the neural tube by the zinc finger trahscnption factor GM. Neuron 

19: 15-26. V 

Sheridan JP, Marsters SA, Pitti RM, Gumey A., Skubatch MJ Ba Idwin ^.«fjj*f^ bf ; 
Gray CL Baker K, Wood Wl; Goddard AD, Godowski P, and Ashkenazi A (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P, Chemausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Ptotnick L, Rogol A, Rosenfieid R, Saenger P, Mauras N, Hershkopf R, Angulo M and Attie, K. 
(1 997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature, J. Pediatr, .131: S51-55. 

Kiein RD, Sherman D, Ho WH, Stone D t Bennett GL, Moffat B t Vandlen R, Simmons L, Gu Q, 
Hongo JA t Devaux B, Poulsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. ^ /Vafi/re. 387(6634): 717-21. 

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched: encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. ■ 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1 996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology ^ 6(12): 
1669-76. 

RotheM, Xiong J, Shu HB, Williamson K, Goddard A and GoeddelD^^ 

novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl. 

Acad. Sci. USA 93: 8241-8246. 

Yang M, Luoh SM; Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene- 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp.1 87-21 5. 

Treahor JJS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proa Natl. Acad: Sci. USA 93: 7108-7113. 

Winslow JW, Moran P, Valverde J; Shih A, Yuan JQ f Wong SC, Tsai SP ? Goddard A, Henzel 
WJ, Hefti F and Caras l ; . (1995) Cloning of AL-1, a ligand for an Eph-related tyrosine kinase 
jeceptor involved in axon bundle formation. Neuron 14: 973r981 . 

Bennett BD, ZeiglerFC, Gu Q, Fendly B, Goddard Ap, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Nail. Acad. Set. USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the . pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbaim L, Dexter M, Borrow J, Kozak C and Solomon E. (1 995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6: 732-737. 
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Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, : Gesundheit N, Rundle AC t Wells 
JA, Carlssbn LMTI and the Growth Hormone Ihsensitivity Study Group. (1 995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. M Engl. J. Med: 333: 
1093-1098, ; J ! 

Klio SS f Mbran P, Gripp J, Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci. Res. 38: 705-71 5. 

Mark MR, Scadden DT, Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufoi is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 10720-10728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Fioretos T, Mitelrnan F and Solomon E. (1994) Molecular analysis of simple variant 
'translocations in aicute promyelocytic leukemia; Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dgbe I, Winfield DA, 
Kingston J, Hagemeijer A,: Rees JKH,. Lister AT and Solomon E. (1 992) Diagnosis of acute 
promyelocytic leukemia by RTtPCR: Detection of PML-RARA . and RARA-PML fusion 
transcripts. Sr. J. Haematol 82: 529-540, 

Goddard AD, Borrow J and Solomon E. (1 992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Suppl3: 117S-119S. 

Zhu X f Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1 992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenei Cell. Genet 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1 991 ) Retinoblastoma linked with Seascale petter]. 
British Med; J. 302: 409. A ; ( 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
..' 1374/ ""■ - : / ' \ ' • v" ; ; , . ".' ■ /■ ■ 

Solomon E t Borrow J and Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254: 1153-1160; 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the ^ human gene coding for a multifunctional peptide (P4HB) 
acting as the ^-subunit of prolyl^hydrpxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet Cell: Genet 56: 165-168. 

Borrow J, Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Nqfl linking library from human chromosome 17q. 
Genomics A 0: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon E (1 990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 1 7. Science 249: 1577- 
.1580. 
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Myers JC, Jones TA, Pohjolainen E-R t Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihlajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet 46: 1024-1033. /• 

Gallie BL, Squire JA, Goddard A, Dunn JM, Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. invest. 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E t Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics 37: 117-126. ■ , . 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A and Gallie BL (1989) 
Germline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
allele. Nature 340: 312-314. • • ' 
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A lthough the jwteritial benefits of PGR^ to diri^ 
' ^^dmgab^3, afe;,W^|!^>va? ,s ( V^is; still; not:-: 



^<^!^over^htari^^ 
in^tlk^ 

siage of F^R! develop 

$in^is:'done^ ;tHe^la^t: 




;^6n ; had^^ . • 

both :.silttp^ §p;a^r to^ 




freeErBr 

X 



:j-I^<ycieji:i 



freeEtBr 



«DNA priifteh . : 



/dsDNA containing 
■■ ' citgct wxjuencc ■ 



ssDNAprnneas 




diD^PGKprbaua 
. (up tp scvqral ^g) 




dbubleTStiihdcd. Afters su^ 



.1 




i : 1/16vl/8::1/4;^72;' ; ^ 




ampM-- 




■jbefbre arid ;after» oreven contihub^ 
ding. 



j^ecfc^ 
"i)Qa/gerie^ 
; : ;concentra^^ 
:^tfa'tionv^ 

-eKSctra 
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•••spe^gfe 

; Y^ronipsom^ ; 
6&;tig male / 60^ng, fen^e/ 2 ^ng-^ 



RSttK t'(A)^Eiuorescehce meastonwbts fr^ 

iDN^sj^ned. 
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\ mgfrom;2 ng raalrD^ 
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begins with primers that are -singie^trand^^ 
DNji), : -dN3KP$, >and^dNA'::^l^erase: An< aidant of -\ 
dsDNA containing the target ^^u^e; (tatge^Di^) is 
, also ^pi^jy fpresent. jirobujOLir/cS^i %r^^de^ndingj 
■on the appH^ 

mici^^ms^per^PGR 1 ^ 4&EtBr is preseht;;&e; i^gentsv 
thatwdl^flupresce, m 

* free ^ ^EtBr- itself, and" EtBr Ixjuiid to" the ■;!sing^, i yitiamdieSi;; i 

pNA-primersiand^tb they'd 
its , intercalation J between the ?■ stackedib^s^p 
double-Helix). After ;the first ^ei^turadon^cydei.^larget - 
DNA will -lie lar^ty ^ a BCR is ; 

; completed^theiihp^^^^ increase? in 

the amount of tdspNA :(ihe' ^j^ ipr^iict itself) of up to ^ 
several mia-ogtams, Formerly free ;Et$r is bound to the 
addidonal- ds&N A; resulting ^ in flupres-- i 

cence. There js also spmei decrease in> Uie vampunt of 
ssDNA primer,^ 
tf}much;less to 
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j reactions each). The BtiA type Was;.fi^e^vui^thevJ 
J^^e^uoTOqence intensitiesih^each |^^&^mple)e^v| 
^lineauonsCTOere was a si^ifi^t ini^^ vl 
?~i&e only ^here a #fglbbih J ^allele ^^N^m^ed" ^ | 
)t jhjer set.: \^hen ,me^M^Son % '«P^^^^^^d 

nOtsjio^ 

i^iti^tc^ed^ .Gel-BeV^ 
^wij<&t^f&^ 

• l due to the ^thpsb of nearly;: -.a yftu^ 
"f^groentv^^ 

■ ^ntiniibus monitoring = of *a 'JgCR.- ,y inngpa' fiberoptic! 
.devi^^» : ^^^^o' &rect e^ 
Vs'pee^fltt^rteitey to a^OR und^ 
^■to^ti^'i&^ 

,4*e;:-fliibre^eiide;, readout of su^V^iarrangenien^ <&••_ 
rected at aii lEtBip^^ of ^dromo^ I 

soiife sj^fic^iien^s 

is shown m l Ei^re 5; The r&dbut^frprn a? control 
With no tatgfet;3N A is aJsio?sKbwn^ 
^re^itionSor^&r-ea^: : "v' v •. •;• ' 

Thd !■!' flubr^s^iice trac^^ as, a; function of itiine clearly 
shows the,e|fe^ 

:s^Jris^;ajadf!|fe T^^luo- £ 

rescence intensity is miiuhium iafe theud^ <| 
perature^ 

^peraCure^50°e). In* &fe * ni^rf^er^fi^fG^i ; thesje • 1 
fluorescence f&^ma^and :fmmmajdp;nqt ■ ^chaflge signi^ 
.^t§;d^the'^tty thermocycles, :iddi^h^t^t^^e'is-' 
fade idsDNA^ synthesis wiuSout;^ target J 

lijfc^a^ 

die: continuous illumination' of Jtne'sam 

In the feGR containmg mafe DNA;< the;4wo«^ence 
makmia at the to I 
increase at about 40Qt) seconds :of thernipcychng, and} 1 
cbndnue 'to increase with; ti^ 

being produced at a- detectableylevel^^ojfe ; fchat the' fluo- J 
rescjence; Minima -at ttie deriaturatph tt^^r^ture do riot ; 
signifi(»ritiy increase^ presumably because tat this temper- 
ature Aere^ 

of the ampMcation is followed! by HtiS^i^dn'e>?flu6.i^$r: 
cence increase at the anneaJing^teijaj^ratU^, Analysis of 
theproduclfebf 
xesisshpw^a^ 

male I)N A contalnmg sample and no "detectable DNA 
synthesis, fbr-^ 
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prinien ui the sickle v alele; The^ph 

c^cles^of pfcR; and ■ the*input^N;A& and^me;a11eles^they^^^ih/ 
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was doii* ^ for each inputCNA. 
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DISCUSSION 

^wnst^eara prpcesses such as hybridization ;to;^.se-. 
quenbeVspedEc ;prp1^ ^n enlace the spedficity 6( DN A 
qetectioh hy PGR; The ■ elimtotion ; of v theses processes, 
^meahs^^Mdie specificity pfl this "Hombgenepus .assajrj. 
depends; solely on that of PGBL in the case of sicideHcell 
; diseasei we have shbyn t^ 
sequence specificity ; to permit £en^ 
apprppnate^ amplificatibn conditions, there ,'is little noh- 
specific production of dsDNA in the absence, of the 
apprbpriate target allele. 

The spedficity required to detect r^^^ns; can be 
inore or less than Aat^e^uired to ^ 
^pendmgbnthenumfer^^^^ 

the amount of other BlSTA'that must be token with the 

sample. A difficult tareet% HI Y, whichvrequires4etection \ 

\ ■ ^ if ? ".-.J* i'liLc- rk,„ I staftinewithSO- ne of human male DNA (top);, or hi. a control 

.of^y^™me^t«n .^at^e.lewl^;a/ew; copies ^^^^ffl^om);^ .nibnitor^-Thir^ cydb :bf 

?per - thousands - of -host cells^i ^mpareo;: wim genetic \ '.V..'^ r^iiX^^A , tA+ ***u xk*» . ti>mnpraturf» cvflM: to+we+n 
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h RGtRtt S Continuous* Kalrtime monitoring of a PGR. A fiber optic 
, ; was used to c^^ exatatidn light to a I*GR in progress ami , also 
I ^miu^yli|^t1«(cK'to ifiuorbmetcr (sec Ex^nmental feotbcol). 
; Amplifi^bb^^hum ina PCR ■ 
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I DN A-ud to microgram amount*-in order to have stf- 
s^g^NAin^an;^ 

additional complication -that ,ocom with targets mjow 
1 the formation of tferW^- 
artifact This istfe res* of the extension of one pnmer 

tafreWentl* one* it b^rs. the iexteflsion product is a 
PeR amplificadon, arid can compe^* 
true PCR targetftf.tl*" T^E"^- 

I To increase PGR ^edfictty, and reduce the effect ot 
I orimer-dimer .ampliation, we are pvestigating a nun> 
Cf ^pproach^ including; the^e-pf igffegn* 

I JgSS. in which nonspecincamplmcaoon^ reduced 
IbyrayngWwrature 

1 Z^b^rmmim. tesults.usm gi these ap- 

background of # cells. With Jarger ^umbers 
H^^und-fluorescew* ^ 
Ko^^rorlmauc^ 

genomic DNA by to^feMtK 1 
sequence into the PGR product through a 5 add-on to, 
the dngohudeotide primer 2 ■ . . 

We4ave shown that the detection of fluorescence 
generated by an EtBr«ontainihg PGR tf stnughtfo rward, 
loth once PCR is completed and continuously during. 
AemSng. 'The ease H with which automation of spe- 
^ r^rdltection can be accomolished is the mos 
Snistog aspect of this assay. The fiupftscence ana^s« 
of^ompllfedfe is ah^dvpossibfe with exBting^nstru- 



a ianre number of known samples. 

K|cSs that demand -the; ttgh- throughput, of 
samples. 



^uore. 

iwen at selected points during thermocycung by moving 
of*** a Se-nS^rOwell platt fluorescence 

^Instrumentation necessary tenuously mo^ J 
multiple PCRs simultaneously is also simptein F^P*; 
Sect extension pf-the 

multiple fiberbptics transmit the, excttauw light and kBu- 
orSeUsiLto^ 

to^mnitor multiple PCRs <*"*^^$EZ^ 
titation of target DNA copy number. Figure* *owsthat 
the larger th/amount of starting 
durihe PGR a fluorescence increase is detected, Preuroi- 
£™e\£riments (Higuchi 

oreoaration) with continuous monitoring have *<wn a 
3£ to two-fold differences in initial target DNA 

^nveSy,' if the . number of target molecules is 
to S can be in genetic ^mt^^S 
Storing may provide a means of detecting &lse. posi- 
raaerLgativer^ 
target molecules, a true posiuve would e f lb « J°"^ e 
fluorescence by a predictable number of cycles of PCR, 

cycle would indicate potential artifacts. *alse ^g*« e . 
Sts due to, for example, mhfcition f rf DNA ^ppjymer- 
^ may be detected by indudmg within each PCR an 
mttStly amplifying ; marker. TWs marker results in a 



S^Slmof 94»G for- 1 mih. denaturauon and 60*Cfor 
sec ^ n * a ^3;l2i5e> pf 1 * PGKs (100 iU total reacuon 

v?t^hdYl^ Neither 60ng maW60 ng female; *n?.™ak; 

Tliese primers were developed by Wu.jft ai. . ^ f 

human DNA that was homozygous for WSft.^ 

mailt on PCRs contaming ZtBr ^ tt A^W'mn tend with 
about 2 nm bmdm&th i with a GG 4 ^^^ u^t Emitiai 

f&roptic accessory (SPEXj bli ^950) ^"^dto^rf 



open xop wi « i >j*v vv.^ v- 
with it^ cap removed) eff«rj:tw 
the tube-and the end 



amplication: of Y-chro- 



■«ed and the emission signal was. ratiped;to the exdtation j 
^^wS wSgcs S Ught^ouite intensity; Data-were | 
^^^^rvcrSon 2:5HSPEX) data system. 
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■ sCD-14 ELISA 

Trauma, 




the CD-14 molecule is expressed on the surface of 
monocytes and some, macrophages. Membrane- 
bound GD-14 is a receptor for iipopolysacchande 
(IPS) compiexed to LPSrBinding-Proteih (LBP). The 
concentration , of its soluble form Js altered under 
certain pathological conditions. There is evidence for 
an important role of sGD-1 4 with polytrauma, sepsis, 
burnings and inflammations. 
During septic conditions and : acute infections : it seems 
to be a prognostic marker and is therefore of value m 
monitoring these patients. 



IBL offers an ELISA for quantitative determination of 
soluble CD^1 4 in human serum, -plasma, cell-culture 
supernatants and other biological fluids. 
Assay features: 12x8 determinations 
(microtiter strips), 
precoated with a specific 
monoclonal antibody, 
2x1 hour incubation, 
standard range: 3 - 96 ng/ml 
detection limit: 1 ng/ml 
. CV:intra- and interassay < 8% 

for more l^orm^ Q^ 



and Nucleic Acid Hybridization 



Kenneth J. Livak, Susan<|.A. ; Flodd, Jeffrey Marmarp> William Giusti, and Karin Deetz 

Perkin-Elmer, Applied ^Biosystem 



The 5 f ;h uclease PCR assay detects the 
accumulation of spedflc PCR produ^ 
by hybrld|zatlon cleavage of a 
double-labeled fluorogenlc probe 
during th> amplification : j^^lonV 
The probe Is an oligonucleotide with 
both a reporter fl^^^^ 

. quencher dye -;s^^e<£ An increase 
In reporter fluorescence Intensity ln- 

" dicates that the probe has hybridized 
to ^he target PCR product arid has 
been cleaved by the 5' -^3' nucle- 
olytlcart^^^ 

fin this study, probes WW 
■ qu?fif for dye attached to an internal 
nucleotide were compared ,wltH 
probes with the quencher dye at* 
tachedtot^ all 
taisies^ the reporter dye was attached 
to the 5' end. All intact probes 
showed quenching of the reporter 
fluorescence. In general, probes ivlth 
the quencher dye attached to the 3& 
end nucleotide exhlbtted a larger sig- 
nal In the 5 r nuclease PCR assay than 
the internally labeled probes. It Is 
proposed that the; larger signal is, 
, caused by increased likelihood of 
cleavage by Too DNA polymerase 
when the probe is hy b rid Ized to - a 
template strand during PCRv Probes 
iylthr the quencher dye attached to 
'the 3'-end nucleotide also exhibited 
an Increase In reporter fluorescence ! 
intensity when hyb^ 
plementary strand. Thus, o^ 
^id^wlih ^re^or^ei^aii^ ^uierticn%'.' 
%e>^^ihed^t^ opposite ends can , 



i^ hompge assay for detecting 

the ; accumuiatibn;of specific RfeR prod- 

;uct that, use's; ^ dd^ 
"-genie probe:was describe^ t>y Lee et al. (l> 

%e assay J exploits , the -5' ^ 3 ' hucje- 
;\#|ic -aeU^ty:-^ Taq tiNA ;|ol^ 
' ;me;r^^^^ Figure 1;, 

^e^pr^ehic probe 

jgbnutje^tid^ 

•dye;: such \is ! ^ nuorescein; attached: to 
; the.5' end; an^ 

fhqtfa&irie, , .attached interhallyi When 
tlie fl^resceiri is excited? by 
'its fluorescent emission will be 
quenched if: the rhodamine b close 
enough ^ ^ 

cess of ;fludrreseeriGe energy transfer 
(i%T).< 4 : 5) During PCR,'lf the probe ishy- 
brioUzed tp : a >tempWte^ 
polymerase will cleave the probe be- 
cause o^its i inherent 5' 3 - nucleblytic 
activity. If the cleavage occurs between 
^e^uorescein and rhd4amme dyes, it 
causes an increase in fluorescein fluores 
: ^hce^ s . 
is r no jpngerque 

fluorescein ^p^scerice intem%; ihdt ; 
catesth^ 

has been gerierated^ ,Thus f FET between a 
^reporter d^,^ critir 
cal tbj Uie vperformahce of the probe in 
the 5 Vnuqlease PGR assay, 

Qii^ncjb^ig^ completely dependent 
Qh the, pi^sfea^^p 

dyesi^ Bemuse p(f this, .-it has beeh as>; 
*ua^?tte^ 
r^j^etf n^ 




PC^assay. Furthermore, cleavage pfCth is 
type of probe is not Te^uired- ta achieve 
soirte reductiori- in quenching; Oligonu- 
> cleotiaej; with a reppfter dy;e on the : S r 
eip-and a quencher, dye- dri the 3'Vend 
exhibita much hi^e^re^rtei fluores- 
cence when doubl,e-fianded as, cprri-. 
parfe^ 

make it possible: to -ix^i^^^&^tidq^^ 
ble-labeled probe for h^m5gerie^#: 
tectiori of nucleic, acid hybrichzation^ 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the niideotide sequence 
of the oligdnuciep^ 
study, linker arm nucleotide (LAr>0 
phosphpraj^dite was obtained^ feorii 
Gleri Researeh. The standarbvjDNA phbsT 
fphoramidites, 6^arbo^fluprescein (6- 
*AM) phbsphpramidite, 6<arr^jcytet- 

- ramet^ succinimidyi" ester 

(TXm£A NHS ester), and Phosphaiink 
for attaching a 3 -blocking ^phosphate, 
.were obtaihed from Perk^ 
plied Biosy^tems: Division.. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesi 
Biosystems). Primer and complement 
oligphucleotides were purified using 
Qligo Purification C^rttid^ (Applied 

; ^ips>stems).^uble4^ ; 
synthesized with 6-FAM.labeied phos- 

;p^ 

one of the Fs in the sequence^arid;Phds- 
^;phalink >at the , 3: ;erid4%ljow^ 
i-ibrStec^io^^ancB^e^^ ; 
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Polymerization 



Forward 

.Primer 



m ■ 



Strand displacement 



-Reverse 
Primer 



Cleavage 



5'. 

•3'- 



Pblymefizatipn completed 




5'. 

3 1 - 



-3* 
" '5' . 



FIGURE 1 Diagram of. 5,' nuclease assay /Stepwise represent^ 

tivity of:Ti^;I}#A pol^ ofPCR. 



mM Na-bicarbonate buffer^XpH 9.p> at 
room teinperature; Unreached dye was 
removed by passage over a PD-10 Sepha- 
dex cpltimh: Finally/ the double-labeled 
•probe was purified by preparative high- 
performance liquid chrpmatpgw^ 
(HP^ using an Aquapore C 8 220x4 .6- 
iruii column with 7-jjirn particle size. The ,, 
column was developed with a 24-min 
linear gradient 6f-.8--20% acetonitriie in 
0.1 m TfeAA (triethylamine acetate). 
Probes are; named by designatirig the se-« 
quence frbrri Table 1 and the position of 
the I#-pRA moiety. For example, 
probe Alp has sequence Al with LAN- 
TAMRA at nucleotide position 7 from the 
5' en<L 



PCR Systems 

All PGR amplifications were performed 
in the Perkin-Elmer GeneAmp PGR Sys- 
tem 9600 using 50^1 reactions that con- 
tained 10 mM Tris^Ha (pH 8 3), "50 mM 
KQ,200^ 

dCTP, 400 jam dtrrp; 0:5 unit pf AmpEr- 
aseuracil:^ 

■<^meritjrr<^^ 



gene (nucleotides 2141-^2435 in the se- 

q^ence of NaKajiina^ 

argufied utf^ ARP 

(Table 1)/ which are modified slightly 

rrbin%os^ 

pliftcation reasons contained '-'4 

50 : iS <irfip%^nd':3^ hM each 



TABLE 1 Sequenced of dligpnudeotides 



primer; The thermal ;:tei^«n. was^^C 

(2 mini 95 6 d<i<*inih),^^ 

(20:sec) / 60<fc(^^ 

A 5 15?bp: se^enbwas ^^iffle^^;a|b.a 

iplbm'io^^ 

DNA (nucleotide^ 

sertedin the S^«* ^ 

These reactions -c^tMived: ;^5i mw 

pSprbbe^^ : --idM;iiiM>mejr!3 1?^|l"^;;i|>^>«^3©. 

riM primer R119I $be tfei# '^imSii, 

was db°C (2 .mta) # i-95!G-(io:;mto 

cles Of 95°C (20 sec), 57 b G (1 min) f ahcl 

holdat72°C. 



Fluorescence Detection 1 . 

For each amphfic^tSpri ^iea^rt^ i^iil 
' aliqubt pf a sample wa££r^ - 
individual well^pf ;a ^ \' 
titer plate- |Pe^^ 

was measured on the^rfcirirMme^^ 
Mari^-5(S^Sy^r^ 

luminescence jsp^^ometer, with -plate 
reader asser^ty, -a^S^ru^ 'e^^Up^fiiV 
tef) arid a 515-hrii emissioh filte 
tion was, at 488 nm using a 5-nm rsiit 
width. Emission was m^ure]d/at S18v 
nrn for 6-FAM (the reporter or R value) 
• and582nmfb^T 

Q value) using a l^hm slit width. To 

determine the Increase in reporter emis- 
, siori that is caused by cleavage of the 

probe du ring PGR> $hree^^ 

are applied to Uie raw emission data. 
' First^rrii^ 

: is subtracted for each wavelength: Sec- 
ohd, eirHSsionl^ 



Name 



Type 



Sequence 



FU9 

R119 

P2 

P2C 

PS 

P5C 

AFP 

ARP, 

Al 

A1C 

A3 

A3C 



primer 
primer, 
probe . 
complement 
probe 

complement 
prlrrier : 
primer 
probe 

epirjpiement 
probe 

complement 



ACCCACAGGAACTGATGACCACTC 

ATGTCGGGTTCCGGCTdACGTTGrGC / 

TCGCATTACtGATCGTTGCC^ 

CrTACTOGTTGG^CG^T^GTAATGCGATG 

CGGATTTGtTGCn s Af(^AT<^ 

TTCATCCITCT^tAG^ 

TGACCCAGACTdf GCCGATGTACGA 

CAC^GGMCGGCTGAfrGCCAATGG 

AlX5Ce(^CCCGATG^TCCTO^ 

,AGAGG<^GGATG^^G^TGGGGGAGGGCATAG 

'CCXqqTGGAGrrCGAGCAAGAC^Tjp 

(XATCTCTTGCTCGAAGTCGAGGGGGAC 



: For ea&$iig^ tta nucj^ 



1 irloiliir^^ 
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A1-2 

A1-14 
A1-19 
A1-22 
A1-26 



ra^cc^ccxcatgggatcc^c^i 

RAO^CTCCCeC^TGCCATCe^aSTp 

- RM^orrCccc^TGCCAT^^ 



Probe 



518 nm 

no temp. + teinp. 



582 nm 
no temp. ... • + temp. 



RQ + 



ARQ 



A1-2 
A1-7 
A1-14 
A1-19 
Ai.22 
A1-26 



25.5 ±2.1 32:7 ±1.9 38.2 ±3,0 

53.5 ± 4.3 395.1 ±21.4 108:5 ±6.3 

127;6±4.9 403.5 ±19.1 109.7 ±5.3 

187.5 ± 17,9 422.7 ± 7.7 70.3 ±7.4 

224.6 ±9.4. 482.2 ±43-6 100^ + 4.0 
1602*8.9 454:i ±18:4 93.1 ±5.4 



3B.2± 2.0 0.67 ±0.01 0.86±0.06 0:1 9,± 0.06 

110.3*5.3 ,0.49*0:03 3.58*0:17 3.09*0.18 

93.1 ±8:3 1.16.±0.02 . 4.34 ±0,15 ; 3.18±p:i5 

73.012,8 2.67±0.05 /s.m 0,1 5 .3.13 ±0,16 

.96.219:6 2;25±Q.03 5.02*0.11 2-77 ±0.12 

90.7±3.2 1.72±.0.02 5,01 ±0.08 3.29±U08 



'rcactioaand-Bveraged to, give the reported. RQ and RQ. 



divided by the emission intensity of the 
quencher to ^ive an RQ rado for eaeh 
■> reacfaon tiibe: This normalizes for well- 
to-well variations in probe concentra- 
tion and fliidrescence measurement. Fi- 
nally, ARQ is calculated by subtracting 
the RQ value of the no-template control 
(RQ') from the RQ value for the com- 
plete reaction Including template 

RESULTS 

A series of probes with increasing dis- 
tances between the fluorescein reporter 
and rhodamine quencher were tested to 
Investigate the minimum and maximum 
1 spacirig that would give an acceptable 
r^formance in the 5' nuclease PGR as- 
say These probes hybridize to a target 



sequence in the human fr-actin gene. 
Figure 2 shows the results, of an experi- 
ment in which these probes were in- 
cluded in PCR that amplified a segment 
of the jJ-actin gene containing , the target 
sequence. Performance In the 5' nu- 
clease PCR assay is monitored by the 
magnitude of ARQ, which is a measure 
of the increase in reporter fluorescence 
caused by PGR amplification of the 
probe target ^obeAl-2hasaARQvaiue 
that is close to zero, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction. This sug- 
gests that wi^ quencher dye on the 
second nucleotide from the 5f end, there 
is insufficient room for toq polymerase 
to cleave efficiently between the reporter 
and quencher: The other five probes ex- 
hibited comparable ARQ values that are 



dearly.different from zero v Thus, aUfive : 
probes are beirig cleaved during.I'CR am- 
plification resulting to a^imll^ 
ut reporter ^ fluorescent 
hotedthat complete digestion pra,probe 
produces a much larger increase in re- 
porter fluorescence: than that obseryed : 
in' Figure 2 (data not shown). Thus; even 
in reactions where amplification occurs, 
the majority of prob^molecules remalri 
uricleaved; it is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMRAxhanges little with 
amplification of .the target. This is what 
allows us to use me 582-nm fluorcscerice 
reading as a normalization factor. 

The magnitude of RQ" depends 
mainly on the quehehing efficiehcy in- 
herent in the specific structure of the 
probe and the purrty.of the oligonucle- 
otide; f hus/ the larger RQ" values indi- 
cate that probes Al-14, Al-19, A1^2, and 
Al-26 probably have reduced quenching 
as compared with A^7: Still, the degree 
of quenching is sufficient to detect a 
highly significant increase in reporter 
fluorescence when each of these probes 
is cleaved during PCR. 

To further investigate the ability ot 
TAMRA on the 3' end to quench 6-FAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. For each pair, one probe has 
TAMRA attached to an internal nucle^ 
otide and the other has TAMRA attached 
to the 3' end nucleotide. The results are 
shown in Table 2 r For all three sets, the 
probe with the 3' quencher exhibits a 
ARQ value that is considerably higher 
than for the probe with the internal 
quencher the RQ" values suggest that 
deferences in quenching are not as great 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 




P2.7 
P2-27 

;P540 

';:PS^, 

-Reacfeons 



82,8 ± 4.4 
113.4*6.6 



384.0 ± 34:1 
555.4 ± 14.1 

244:4±15?; 
333.6 ±12.1 



105.1 ±6.4 
140:7 ± M 

;86.7±4.3 

>,^10Q^±^1^> 



120.4 ± 10.2 
118? ±*8 

• 95.8 ±(6.7 



0.47 ±0:02 
0,86 ±0.02 

0.79; ± 0#2 

p&i ± o.oi 
o:89±p.os 



0.73 ± 0.03 
2.62±0.05 

3.19 ±016 
4:68±0.1Q 

2.55 ±0.06 



0;26 ±0.04 
i:76±0.0S 

2.40 ±0.16 
3.88±aib 

1.66 ±0Q8 
£#±013 



fluorescence of a reporter dye on the^S 
eni the degree of quenching isrsuffi v 
dent for this type of bUgonucleofide lo. 
be used as a probe in the 5' nuclease PCR 

assay. > ■ : ■ ■ , • •. , . 

Xp test the hypothesis that quenching 
b y a 3' TAMRA depends on the nexibility 
of the oligonucleotide, fluorescence was, 
1 measured for probes in the single- 
stranded and double*tranded states. Ta- 
ble 3 reports the fluorescence observed 
at 518 and 582 nm. the relative degree 
of quenching is assessed by calculating 
the RQ ratio. For probes with TAMRA 
6-10 nucleotides from the S 1 end/ there 
is Httte difference in the RQ values when 
comparing single-stranded with double- 
stranded oligonucleotides. The . results 
for probes with TAMRA at the 3' end are 
mucri different For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in RQ. We 
propose that this loss of quenching is 
caused by the rigid structure of double- 
stranded DNA; which prevents, the 5 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end/ there is.a marked Mg 2+ effect on 
quenching: Figure 3 shows a plot Pf ob- 
served RQ values for the Al series of 
probes as a function of Uf+ concentra- 
tion. With TAMRA attached near the 5' 
end (probe Al-2 or Al-7), the value at 
0 mM Mg* + is only slightly higher than 
RQ at 10 rriM Mg 2+ . For probes Al-19, 
Al-22, and Al-26, the RQ values at 0 mM 
Mg 2 * are very high, indicating a much 



reduced quenching' efficiency: For^ 
of- these probes, there is * marked-de-, 
crease-ih RQ at 1 mM Mg 2 * followed^ 
a , gradual decline as the.Mg 2 * concen- 
tration increases to id mM. Piobe.Al-.14-. 
shows an intermediate RQ value at p mM 
Mg 2 ^ with a gradual decline at higher 
Mg 2+: concehtrations.-In a lowfsalt en- 
virohmeht with no Mg 2 ? present, a sin-, 
gle-straftded oligonucleotifie would: be 
expected ,to adopt ah extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg 2+ ions act? to 
shield the negative' charge of the phos- 
phate backbone so that the oligonuele- 
otide can adopt conformations where 
the 3' end is close to the 5 r end. There- 
fore, the observed. Mg 2+ effects support 
the notion that quenching of a 5' re- 
porter dye by TAMRA at or near the 3 ! 
&id defends on the flexibility of the oil- 
goriucleotide. 

DISCUSSION 

Hie striking finding, of this study is that 
it seems the. rhpdamine dye TAMRA; 
placed at any position in ah oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorestein.(6-FAM) placed at 
the 5' end; this implies that a singje- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to the 5' 
end. It should be noted that the decay of 
6-FAM in the excited state requires a cer- 
tain amount of time; Therefore, what 



TABLE 3 Comparison of Fluorescence Emissions of Single-st^^ 
Double-stranded Fluorogenic Probes 



518 nm 



582 nm 



RQ 



Probe 


ss 


d$ 


Al-7 


27.75 


68.53 


Al-26 


43.31 


50938 


A3-* 


16.75 


62.88 


A3-24 


30.05 


578.64 


PZ-7 


35.02 


70.13 


P2-27 


39.89 


320.47 


P5-10 

PS^28 


27,34 


144.85 


33.65 


462.29 



ss 



61:08 
53.50 
39.33 
67.72 
54:63 
65.10 
61.95 
72.39 



ds 


SS 


ds 


138.18 


0.45 


0.50 
5.43 


93.86 


0,81 


165.57 


0:43 


0.38 


140:25 


0.45 


3.21 


121.09 


0.64 


0.58 


61.13 


0.61 


5.25 


165.54 


0.44 


0.87; 


104;61 


0.46 


4.43 



concenttaUpn SO nM indicated probe, 10 l^t^Si^Mv^ £ ^ A1 . 7 . Md 



,xo6t^^m\temper^^ 



'.ithe^ew^ of u>Wd«e^ 



mattersiorqueri^ ' \\ 

distance between" 6?FAM and TAMRA } 

biit/rather^h^ £ 

^FA^;durir^trfe^ /' $ 
excited state, As long ;as ^ thefdewy tirtie of 
tfie excited st^^ 

pared vrtth tJiemole^ ; 

oligonucleotidei :;qu&cp& can. pccur. \ 

Thus, we propose that T^BA atthe 3 ' \ 

end; or any bther pbsmpn ; 

6>FAMatthe5'eridbecause>fAM j 
proximity to 6^FA)^pfen be 
able to; accept energy transfer from an 

excited 6-FAM. 

betails of 'tee--flu^resc^ce/m'wu»' 
merits remain puzzlihg^Fpr example, ta- 
ble 3 shows that hybridization; Pf probes 
AV26, A&24, aha>P5 : 2& to tKeirxbmple- 
mentary strands ;not only ,,<4?isesi large 
increase in 6-Fj<M fluorescence at 518 
nm but also causes a modest inaease in 
TAMRA fluorescence/ at 582 nm. If 
TAMRA is being excited byTenergy trans- 
fer -from quenched &FAM, then loss of 
quenching attriDutable tp, hybridization 
Should cause a decrease in the flupres* 
cence emission 6f:tAMRA. ;fte;tact that 
the fluorescence emissipri of tAMRAnv 
creases indicates that the sihiation is 
more complex,i6rexampH wie have an- 
ecdotal evidence that the bases of the 
oligonucleotide^ especially G, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded/ base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact probe is the TAMRA 
dye Evidence for the importance of 
TAMRA is that 6-FAM fluorescence 
remains' relatively unchanged when 
probes labeled only with 6-FAM are used 
iii the 5' nuclease PCR assay (data not 
shown). Secondary effectors of fluores- 
cence, both before and after cleavage of 
the probe, heed to be explpred further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the 5' nuclease 
PCR assay. There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe in the 
5' nuclease PGR assay. The first factor is 
the degree of quenching observed in the 
intact probe. This is characterized by the 
value of RQ~, which;is the ratio of re- 
porter to quencher fluorescent emis- 
sions for a rioitempla^ 
;fluences oft ;th^ 

the particular reporter \ and quencher 



o 




rniyi Mg 

ciruo* x Fffprt of concentration on RQ ratio forth* Al series of probes. The fluorescence 
Mg). The key^erW shows the probes examined. 



dyes used; ; spacihg between reporter and 
quencher/ dyes, nucleotide sequence 
context effects, presence of structure or 
other factors that reduce flexibility of 
the oligonucleotide/ and purity of the 
probe. The second factor is the efficiency 
of hybricUzation, which depends on 
probe T m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
probed 

The rise in RQ" values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (AI-26). This is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to .the 5' reporter: 
dye /than. ; is < a^n : i iriternaily placed, 
Quencher. Borvto 



probes, the interpretation of RQ" values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the, 3 ' TAMRA 
probe having a larger RQ" than the in- 
ternal TAMRA probe. For the P? pair, 
both probes have about the : same RQ 
value. For the PS probes, the RQ for the 
3' probe is less than for the internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affects the RQ" value. Al- 
though all probes are HPLO purified, a 
small amount of contamination with 
unqueriched reporter can have a large ef- 
fect on RQ". 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect oh the efficiency of 
probe cleavage. The most drastic effect Is 
observed with probe Al -2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3-'. 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This .is explained 
most easily by assuming that probes 
with TAMRA at the 3,' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached infernally. For the Al probes, 
the cleavage efficiency of probe Al-7 
^mustalxea^ 

< ,n3tc3hcte^< Men ^f'^S^K; Si 
- plaredMoser &^$f&fc1^^> 



trates the importance' of sbeihg -able^ to . 
use probes with a quencher oh the 3' 
end in tne S' nuclease PCR^assay. in this 
assay; anMnerease in Xht intensity bf re- 
porter fluorescence is pbsejyed, 2 ; bhly 
when the probe ,is deaved/betW^eri the 
reporter and quencher ^ 
the reporter and quencher dyes on the 
opposite ends -of an oligonucleotide 
probe/ any cleavage that occurs, will be. 
detected. When the quencher to attached 
to an internal nucleotide, sqme^^ 
probe works well (Al-7) arid Qther;times 
not so well (A3^6). The; relatively poor 
performance of probe A3-6 ; presumably 
means the probe is; being cleaved. 3' to 
the quencher rather thant between the 
reporter and quencher, therefore, the 
best chance of having a prbbe that reli- 
ably detects accumulation of PGR, prod- 
uct in the 5' nuclease PGR assay istouse 
a probe with .the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In fact, a 2 e G-3?C reduction 
in T m has been observed, for two, probes 
with internally amdied TAMRAs. (9> This 
disruptive effect would be mmimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers inight exhibit 
slightly higher hybridlzatioh efficiencies 
than probes with internal quenchers. 

The combination of increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled /probes* This' tol- 
erance of mismatches can be advanta^ 
geous, as when trying to use a single 
probe to detect PGR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PGR 
is less sensitive to alterations in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discriminatiori. Lee 
et al. ov demonstrated that ailele-specific 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target This al- 
lowed them to distinguish the normal 
; > human cystic; fibrosis .:- allele from the 
-/^4^^Mtarii, : The^ 
' ^ttachedfe 
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"tfreSVendandwere designed so.thatany 
mishiatcnes were between the reporter 
<md "quencher. Increasing tfie distance ■ 
-between reporter and quencher would 
leisen : the disruptive effect of mis-: 
matches and allow cleavage of the probe 
on;the incorrect target; Thus, , probes 
with a quencher attached to an internal 
f nucieotidVmay still be useful for allelic 
discrimination. 

In this study loss of quenchihg.iipon 
hybridization was used to show that 
quenching by a 3' TAMRA is dependent 
on the flexibility of a single-stranded oli- 
gonucleotide.. The increase in reporter, 
fluorescence intensity, though, could 
also be used to determine whethechyr 
bridizatioh has occurred or not. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful as hybridization 
probes. The ability to detect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
use<i to develop homogeneous hybrid- 
ization assays for diagriostics or cither ap* 
plications; Bagwell et al. (l0) describe just 
this type of homogeneous assay where 
hyMdiz$tibh of a probe causes an In- 
crease in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add-, 
ing nucleotides to both ends . of the 
. probe sequence to form two imperfect 
hairpins. The results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the other 
end generates a fluorogenic probe that 
can detect hybridization or PGR amplifi- 
cation. 
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We Have developed a novel "real : time' ' quantitadye 1^ , m#hpcf measures fpi ; prodiict ; 

accumulation throu^ a duaI4abel^^^ provides yery 

accurate and;repttxiudb!e quandtadon metrjodsv reafetime PGR 

dc^ not require 
resulting in much 'faster , a 

'ranj^ of starling ta^ ,Rv< oVders of ma^itu^ 

P^is extremely accurate and ie»^ methods; 



Quantitative nucleic add' se^uenoe analysis l^js 
had an important rote in many iields of ^IdibgP 
cat research. .Mga^ement of gene lejq^ssioji • 
ha^ 

biological responses to various stimuli fTan et/al. 
1994* Huang et al. 199Sa;b; Prud'homme et-a|. 
1995). Quantitative gene analysis. (0l4A) has - 
been used to determine the genome quanti^ 
particular gene; as tn the case of the human HER2 
gene, which is amplified - in -30^ of breast tu- 
mors (Slamon et, al. 1987); Gene ;an<Jl genome^ 
quantitation (DNA and RNA) also have been used 
for analysis of human immuncKj^ficieney viru^ 
(HIV) burden dem 

els of virus throughout the , different ph 

disease (Connor et al. 1993; Piatak et al' 1993b; 

Furtado et al. 1995). 

Many methods have been described for the 
quantitative analysis of nucleic acid sequel 
(both for RNA and DNA; Southern 1975; Sharp et 
ah 1980; Thomas 1980). Recently, PGR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PGR and reverse transcrip- 
tase (RT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This "has made posr 
sible many ;exper irnents tftat *ou!d hot^haye been 
performed with traditional methods. Although 
PGR has provided a powerful tool, it is imperative 
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that it b« used properly for quantitation (Raey- 
rrtaefeers #95). Many early; reports of JqU^niita^ 
tive PGR ana^Rl^F^ quart titation of 

the PGift iproiluct but did nor rneasure tM initial 
tar^get sequence qua design 
ipro^ta^ 

target sequences . (Ferre 1992; Glementret at 
1993>: . " ' . \ 

Researchers ;haye>dey 
of quantitative PCR ahd iRT-PCfe. One approach 
measures PfiR product quantity in the log phase 
of the reaction ^fore/the'.plate^.u (Kellogg et al. 
1990; Pang et al. 1990) . th is ,. me thod requ ires 
that eacii sample has equal input amounts of 
nucleic acid and that each sample under analysis 
impiiifl^ W^h id^ 

of quahtitadve ahaiysis. A ,gehe sequence (con-* 1 
- taihed in all samples at relatively constant quart- 
titles, such a can, be used for sample 

arnplification efficiency hprmalization. Using 
conventional methods of PGR detection and 
quantitation (gel electrophoresis or plate capture 
hylbridization), it is extremely laborious to assure 
that ail samples are analyzed during the log phase 
of the reaction (for both the target gene and the 
normal ixatibn g^ne). Another method/ quantita- 
tive competitive (QC)-PGR) has been developed 
and is used widely for PGR quantitation 
relies on the inclusion of an internal control 
competitor in ^ach^reaction^Bjecl^i^^d re 1991; 
Piatak* et al. 1993a;b); The efficiency of each re- 
action is rVormalized? to the internal compfetitor. 
A known amount of internal i* - com.^fi3fb\'ca''h ! vbe 




added to each sampievTo ^btainvreiatiye: quani- 
tation, the unknown target PGR product as cbm : 
pared with the kriowri com^ 
Success of a quantitative competitive PCS assay 
relies on developing an interna! control that am- 
plifies w}th the same efficiency as the target mol- 
ecule.The design of the competitor and ^ 
dation of: amplification require a 

defeated effort. However, because ^-l^R does 
not require that PCR products be analyzed diiririg 
r the lc^ phase of the amplification; 
of the two methods to use. 

Several detection systems are used for quan- 
titative PGR and RT-PGR analysis: (1) agarose 
gels, (2) fluorescent labeling pf PCR products and 
detection with laser?induced fluorescence using 
capillary electrophoresis (Fasco et aL 1995; Wil- 
Uairisetai. 1996)oracryIarriide gels, and (3) plate 
capture aridsandwich probe hybridization (Mul- 
der et ah 1994). Although these methods proved 
successful, each method requires Dost-PCR ma- 
nipulations that add time to the analysis and 
may lead to laboratory cprvtami nation. The 
sample throughput of these methods is limited 
(with the exception of the plate capture ap- 
proach), and, therefore; these methods are not 
well suited for uses demanding high sample 
throughput (he,, screening of large numbers of 
biomolecuies or analyzing samples for diagnos- 
tics or clinical trials). 

Here we report the development of a novel 
assay for quantitative DNA analysis. The assay is 
based on the use of the 5' nuclease assay first 
described by Holland et al. (1991). The method 
uses the 5 ' nuclease activity of Taq polymerase to 
cleave a nonextendible hybridization probe dur- 
ing the extension phase of PGR: the approach 
u ses dual-1 abe Led f 1 uorogenic hybri d iza t i o n 
probes (Lee et al. 1993; Bassler et al. 1995; Uvak 
et al. 1995a,b). One fluorescent dye serves as a 
reporter (FAM (i.e., 6-carboxyfluoresce'tn)] and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (i.e., 6-carboxy-tetramethyf- 
rhodamine). The nuclease degradation of the hy- 
bridization probe releases the quenching of the 
FAM fluorescent emission, resulting in an in- 
crease in peak fluorescent emission at 518 nm. 
The use of a sequence detector (ABl Prism) allows 
measurement of fluorescent spectra of all 96 wells 
of the thermal cycler continuously during the 
PCR amplification. Therefore, the reactions are 
monitored in real time. The output data is de- 
scribed; and quantitative analysis of input target 
DNA sequences is discussed below. 



REAL TIME OUANTITAIIVE: PGR 

RESULTS 

KR^roductrDe^ 

The goal was to develop a;highTthroughput> sen- 
sitive, arid acoirate gene quaiih^tiph assay for 
use rn rjipnitoring jipid-niediated v therai^utic 
gene delivery. Apfcrnid-encpd^ 
VHT gene sequence, pF83TM (see M^hofls), was 
used as a model therapeutic gene. The assay; uses 
fluorescent Taqman methodology and- an instru- 
ment capable of measuring fluorescence ih re^i 
time (ABI Prism 7700 Sequence Detector). The 
Taqman reaction requires a hybridization probe 
labeled wi tir two different fluorescent dyes. One 
dye is a, reporter dye, (FAM); the other is a quench- 
ing dye (TAMRA). When the probe is intact/fluo- 
rescent energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye^(TAMRA).r-:D.uri|Sg. the extension 
phase of the PGR cycle, the fluorescent hybrid- 
ization probe is cleaved by the 5-3' nucleolytic 
activity of the DNA polymerase. Oh cleavage of 
the probe, the reporter dye emission is ho longer 
transferred efficiently to the quenching dye, re- 
sulting in an increase of the reporter dye fluores- 
cent emission spectra. PGR primers and probes 
were designed for the human factor VIII se- 
quence and human 0-actin gene (a * described in 
Methods). Optimization reactions were per- 
formed to choose the. appropriate probe and 
magnesium concentrations yielding the highest 
intensity of reporter fluorescent signal without 
sacrificing specificity. The instrument uses a 
charge-coupled device (i,e., CCD camera) for 
measuring the fluorescent emission spectra from 
500 to 650 nm. Each PGR tube was monitored 
-sequentially for 25 msec with continuous moni- 
toring throughout the amplification. Each tube 
was re-examined every 8.5 sec. Computer soft- 
ware was designed to examine the fluorescent in- 
tensity of both the reporter dye (FAM) and 
the quenching dye (TAMRA). The fluorescent 
intensity of the quenching dye, TAMRA, changes 
very little over the course of the PCR amplifi- 
cation (data not shown). Therefore; the intensity 
of TAMRA dye emission serves as an internal 
standard with which to normalize the reporter 
dye (FAM) emission variations. The software cal- 
culates a value termed ARn (or ARQ) using the 
following equation: ARn « (Rn*) ^ (Rn where 
Rn* = emission intensity of reporter/emission in- 
tensity of quencher at any given time in a reac- 
tion tube, and;')Eln'~ -s emission intemttity of' re^-- 
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pbrVer/emission in tensity of guenc her; rriefasijpred, 
ptf or?tp *£R amplification inviha t; same reaction 
tube.,, fer i purpose of quanfititioh, the last 
three data points (ARris) collected duiirig the : ex- 
tension step 'for each; PGR cycle were ariatyz^. 
The riucledlytic degradation of the h^dii^i^rr 
proWc^curs durirtg the exteris 
, ar|d^tnerefoVe; repprterffluiDre^m 
creases during thB time; The Uiree da^a; p^r^ 
were averaged for each PCR' cycle and the mean 
vaiue for eaeh^as . . pibtted.. ■ i^S-.-'ari', a m^iiS'catio^n 
plot^shown^ lA.The -ARr>im^ii- ^luiels- 
plotted on, the y-axis, and time,, represented by 
eydle number, is^plotted on the ^axis. Durihgihe 
early cycles of: the PGR ; ampUfieation, the &Rh 



yalu£ ^ 

ijridizatibri ;probe i has ibeen ^leaved^^ tfie- : Tiqi' : 
^lyrhera^ 
jporter flipres^ent em 
: arnpimcatloh^ 
fluores<^ emfc^^ 
to high te^ele hurrMri: ^ 
, ^x>min<^ 
rr^rl^ts;^ ; 
, tioft^Thfo is done by asiignih 
threshold that is based on ; the yariabiji^ 
base^lirie;dat^ 

at 10 stana%l deviations above tr^-.rnear| At 
: baseline emissj6n cycles 1 to 
phce the trireiri^id 
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Figure 1 PGR product detectioh in real time, (A) The Model 7700 software will construct amplification plots 
from the extension.phase nupr^ 

viation is determined from the data points collected from the base line ofuhe amplification plot: C T values are 
ca'culated by determining the point at which the, fluorescence excels a threshold Ktmit (usually 1 0 « 
standard deviation of me base line). 
DNA samples amplified with;^ 

poihts represent the me^^^^ a'nd -error bars are shown (but not always visible). 



1 



Jined as et. is 

this point.* be demonstrated; the ^ value 
isVpredictive .ofXthe A^^^^riri-i^fii^t' . r^Wgfe ti 

Cf yaiues^roVide,a; Quantftarive Measurement of 
fnput Target Sequences . 

Figure IB shows amplification plots dif 15 differ- 
int PCR amjilificatibas 

tions were perfor^^ 1:2 serial dilution of; 

*mna;n genpmic DNA, The amplified target was 
human 3-actin ; The^mplinc shift to 

the right (to higher^ 

target quantity is reduced. This is bcpected -be- 
cause reactions with fewer starting ^ 
target molecule require greater ampUficatioh to 
degrade enough probe to attain trie threshold 
fluorescence. An arbitrary,- threshold of 00 stan- 
dard deviations a to^^^ used to 
determine the Rvalues/ Figure 1G represents the 
Cr values .plotted - versus the sample dilution 
v^ue^Each diction was arnplified in tripijcate 
PCR ampiifi<;ations and plotted as mean values 
with error bars representing one standard d^ 
tion. The values decrease lihearty with intrea^ 
ing; target quantity; Thus, Or values can oe used 
as a quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6-ng sample snown in Figure 
IB does not reflect the same fluorescent rate of 
increase exhibited by most of the other samples. 
The 1 5.6-ng sample also achieves endpoint pla- 
teau at a lower fluorescent value than would be 
expected based on the input DNA. This phenom- 
enon has been observed occasionally with otfer 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation, it is important to note 
that the flattened: slope and early plateau dp not 
impact significantly the calculated C r value as 
demonstrated by the fit on the line shown in 
Figure 1 C All.triplkate amplifications resulted in 
very similar C, values— the standard deviation 
did no^exceed 0;S for any dilution. This experi- 
ment contains a >l 00,000-fold range of input tar- 
get molecules. Using G, values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The .linear range of fluorescent in- 
tensity measurement of the ABI Prism 7700 Se- 
quence Detector only spans three logs, resulting 
in only a 1000-fold dynamic range of input mol 
eeules. Thus, C T values provide accurate measure- 
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merits pver'a yery;lar^^ 
; target qiuantities. \ / 

Sample Preparation Validation 

Several parameters, ^ 

^^amj^Ufica^ 
» traftpns^reaction cohol 

ftfrafu^ size^ntJ 

;prmer;se^uences, and sample puri^>%ff^ tW 

above factors kre^ommoh to a; single PCR assay 

except samplerto purity Th^ari efe&b 

, v * ll <kte the method of sarn 

the fattor yiil assay, PGR am 

ybUity arid^ efficiency; of ^regHca^ Sample 

prer^ratioiis were examine^; After g^ 
^as:p^^ 

DNAw^squantitatedbyul^ 

^^lifiatipn^were performed analyzing p-actin 

gene content M jQo arid 25 ng of total^homic 

DNA. Eath PCR; ampl%aH6rv was permed in 

triplicate. Comparison 0f^^ 

hcate sample sho.w minimal variation based on 

stanq^rddeyiatidh 

(Table ^ l^Thetetore, each -of the, triplicate PGR 
amplifications vvas highly reproducible; demon* 
stratihg that real time PGR usihg this instrumeh- 
tation introduces minimal, variatibri; into the 
quantitative I^CR analysis. Gbmparison df the 
mean Gv values of the 10 replicate sample prepa- 
rations also showed minimal vanabiHtV> indicat- 
ing that ;each sample preparation yielded similar 
results for ^aetin gene quantity. The highest Cr 
difference between any of the samples was 0 85 
and 0.71 for the 100 and 25 ng samples, respec- 
tt vely. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluores- 
cent emission .intensity change per amount; of 
DNA ^rget. analyzed as indicated \by similar 
slopes derived from the sample dilutions (Fig. 2). 
Any sample containing an excess of a PGR inhibi- 
tor .would exhibit a greater measured (3-acrin C T 
value for a* given quantity of DNA. In addition 
the inhibitor would be diluted along, with the 
sample in the dilution analysis; (Fig. 2)/ altering 
the^ expected Cr value change. Each sample am 
.piification yielded^ similar resultin the analysis 
demonstrating that this method of sample prepa' 
ration is Highly reproducible with regard to 
sample purity. 

Quantitative Analysis of a Plasmid After 
Transient Transfection 

293 cells were transiently transfecred with a vec- 
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tor containing a partial cDNA for human factor 
VIII, pF8TM. A series of transfections was set 
up using a decreasing a mou n t of t h e plasmid (40, 
4, 0.5, and 0.1 jig). Twenty-four hours post- 
transfection, total DNA was purified from each, 
flask of cells. p-Actin gene quanti ty was chosen as 
a value for normalization of genomic DNA con- 
centration from each sample. In this experiment, 
p -act in gene content should remain constant 
relative to total genomic DNA. Figure 3 shows the 
result of the 0-aetin DNA measurement (1 00 ng 
total DNA determined by ultraviolet spectros- 
copy) of each sample. Each. sample was analyzed 
in triplicate and the mean (J-acti n C T va I ues of 
the triplicates were plotted (error bars represent 
one standard deviation). Trie highest difference 



between any two sample means was 0:95 Cf . Ten 
n anograms of tpta LpN A of each sample we re also 
examined for. (3-actin. The results agam showed 
that very similar amounts of genomic DN A were 
present; the maximum mean p-actin C t value 
difference; was: 1 .0. As Figure 3 shows, the rate of 
p-actin Cy change between the 100- and T0 7 ng 
samples wa s similar (slope values range between 
- 3 56 : and; - 3.45): This verifies again that the 
method of sample pre pa ration yields samples o f 
identical PGR integrity (iue., no sample contained 
an excessive amount of; a PCR inhibitor). How- 
ever, these results indicate that each sample con- 
tained slight differences in the actual amount of 
genomic D N A analyzed . Dete rrriination of actu al 
genomic "DNA; concentration Was accomplished 
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^ M * e2 , Sample ^par^tiorj: purity^ ^&fepljcate 
samp!« stiown iq ^^ 

tnpcate:u^^ 

25 ; ;ng) vs. C T , In the. figure, thel ido and;25 nq 
points for each sample art conri^^ b^ ^jjne 



by plotting the mean, p-actin CV value obtained 
foryeach I00>ng sample pn>a ^ctin -standard 
curye (shown in Fig, 4€), The actual genomic 
DNA concentration of sarriple, ^ was ob- 
tamed by extrapolation ta^ 

. P*^e 4A; shows the measured (i e., noh- 
rior^alized) r quant!ties of factor VHI jplasmid 
DNA> (pF8TO) r *ra nsieh t eel 1 * 

transfectioris. Each reaction contatned lOO ng of 
total sample DNA (as determined by UV spectros- 
copy). Each: sample was analyzed in triplicate 



— y « 27.73 • <a52* R* t 




tog (ng input DNA) 

F, 9 ure 3 Analysis of transfected cell DNA quantity 
and, purity. The DNA preparations oMe four 293 
cell transactions (40, 4; 0.5/ and 0, 1 ng of pF8TM) 
were analyzed for the 3-actjh ,gene. 100 and i d no 
(determined by ultraviolet spectroscopy) of each 
sample were; amplified in trtplicateV For each 
amount of pF8TM that was transfected; the p-actin 
C T values are plotted .versus the total ihput DNA 
concentration. 



. REAU TlfytE OUANIITAf i\fef>GR\ 

PGKvampliricatior^; As shown, pF8TM purified; 
vfrpm tile 293 cell's decre^sei,(m;ew^ valuesTiri 
crease^ with d^cr^asing; amount or^lasmirj ^ 
transfecteci. The mean values xiobined tok 
pF8TW.in.;Figure 4^ were plotted brva;stahdar^ 
curve corner ;i>e& of^erlaliy ^dll^S^jii^^- 
sfiown in figure 4B/ The quantity 
■found in ; each of the four fenife^iohj#as : 
terrnj^; by exttapolatfo;n to the ^xis of the 
standard curve in Figure 4fc trieseiuh 
values, b t for ;pF8TM were; nprrnahzk^o dete^ 
mine-the actual am qunt;of pl^TM foWd;rkr 1(W 
ng of\ genomic DNA by using the equation: 



^ X ;I0p ng 



actual;pF8TKt co^^ 
100 ng of genpmibw 



where « = actual genomic;^ 
^ = pF8TM copies from the standard c^e, the 
normalized quan tity of pF8TWf per lOOvng df ge- 
norhie DNA for each of the four transfections is 
shpwn in Figure 4D. These results show that the 
quantity of factor VIII plasmid associated with 
the 293. cells, 24 hr after trans f^onv deir^ases 
; with: decreasing plasmid cprtceritr^tion; usid irv 
Ibe tor^fectibrt; > thequantiiy ofip^Tlvi associ- 
ated; with 293celis, after transfection with 40^g 
of plasmid, was 35 pg per 10<) ng genomic DNA. 
This- results in -520. plasmid copies per cell. : 



DISCUSSION 

We have described a new method for qua at i tat, 
ing gene copy numbers using real-time analysis 
ofPCR amplifications. Real-time PCR is compat- 
ible with either of the two PCR (RT^PGR) ap- 
proaches: ( J ) quantitative competitive where an 
internal competitor for each target sequence is 
used for. normalization (data not shown) or (2) 
quantitative comparative PCR usinga normaliza^ 
t ion gene con tai riexj within the sample .(i.e., p4c- 
: tin) or a ''housekeeping'' gene ;for RT-PCR. If 
equal amounts of nucleic acid are analyzed for 
each sample and if the amplification efficiency 
before quantitative analysis is identical for each 
sample, the internal control (normalization gene 
or competitor) should give equal signals for all 
samples. 

The real-time PCR method offers several ad- 
vantages oyer the other two methods currently 
employed (see. the introduction).. First; the real- 
time PCR method is performed in a closed-tube 
system and requires no pp^ 
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VfiguRe 4 Quantitative;: ahaj^sfe^ 
piasmid^D^^^ the mean €t y^!ue4etef- (j 

mined fbr>pF8tW VmSKj^%bVi transfec^i^; ^^%ndard;cu^ of 
•pF8TM^d\'&-ac% 

^idaf^^ 

■(D) the amount of;jj>F:^ BrjlA. 



of sample, therefore, th^ 

tarniWatipti in - ':tlijfe-. laJ^.if^So^^- --i s ^^^^c^^b^ca u;s"e ■_ 

amplified p^^ 

Of without p^riing 1 the reactferi %fe?5ecphdi 

^gg ne;(i;e;v feajctjn^ for ^uanUtatjveJ? 
ikeepiftg geh 

^hal^isl^ performed in realtime during^the log 
ph^sejof prodJcf 
log : £ha$e^ 

■\ wide input target fangej to be analysed :simulta : 
neously, withou t concern of reacrhi h g reaction;, 
plateau at different cycles. Th is wUl>rnake ; rmiiii- 
gene analysis assays much easier to; develop, be^ 
cause individual internal co 
needed -for each gene under analysis. Thirds 
sample throughput will, increase :dramatically 
with the new , method because there is no pbst- 
PC&proce^ Additionally; w^ihg in a 

9fewell fcrn^ 
mattoh^techhoiogy. 

The real-time PCR method is highly, repro- 
ducible. Replicate amplifications can ^fe^^^ 



for £ach sarripte^ 

system allows: for a very iarg^ 
: ;r ; ange ,(apprbaChing 
get); 

tere^fe^jiti^^ copy 

rrtftfe^ . 
threshold^ Wrelate iihearly with rela- 

tive DN^ copy numbers . Real time quantitative 
R^-PGR methodb^gy (Gibson et ^i^ this issue) 
hasalsoibeendevetppe 

iita ti PfcR rr^e^hodPlbgy call be used to develop 
$M high jhroughpuv ° r 
applications tquan^ 

PGR), jgene copy assays $ti&Z, HIV; etci #no : 
^ypthgfcno 

PCR|; ' 

■ Reafeime>CR;may .also be performed using 
ihtercajating dyes (Higuchi et ai 1992) such as 
^thidiurn;bfp^ the fiuorpgenic probe 

method offers a ma |pr /advantage over tnter- 
caiating dyes— greater sped fid ty (i.e., prinnier 
dimers and/nonspe^ 
tected): 
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REAL TIME ^()^HiiX^V^'0if'' 



METHODS . V; ,;\ / ^ 

Generations 

: cDNA for Human Factor Vlli 

Total RNA ^harvested. (R^ inc., 
EriendSwb^; 

expression vector; pdlS2;8c?SEf (totpn ;et^i/- 198<S£ CiPr- 
man etal. 1990); A factor vil! pautf^(^^A ; s^ue'i^.vna 
generated by RT-PCR (GeneArap EZ tTth RNA PGR Kit 
(part N808-01 79;>l*E A^UW>BiMJ^e^^M' , qey, CA)1 
using the'rcR primers ^ 

are shown below). The ampiicpn was reanipUfied using 
modifieij FBfdr and F8iey primers {ar)^nded with SamHh 
anti Hindltt restriction site sequences at the 5! end) and 
cloned Into i pGEMt3Z (Promega Go^'Witon^.wy/The 
resuHing done, pF8lk^ was usedior trarisienttransfectidn 
of 293 celts. • ' / ' : : . ' 



Amplification of Target DNA ai}d Detection of 
AmpHcon Factor 'VfllTOsmldWA;: ' 

(pF8T>ify was amplified with the primers FSfor 5--CCG- 
CTCK:CAAGAGTGACGTGTC-3' and F8*ev : S^AAACCTr 
CAGGCTGGATGGTAGG-3/ . The reaction produced a 422- 
bp PGR product. The, forward primer \was designed to rec- 
ognize a unique sequence foundMri the ,5V untranslated 
region of the i parent : r^IS2;8c25ip) ^ pl^mld, and: therefore 
does not recognize and amplify the human factor VVtH 
geriei Primers were chosen with the assistance, orthe.com. 
puter program Oligo 4:6 (National; Biosciences, Inc., Ply- 
: mouth, ,MN), The human >actin gene was ampjified wlthA 
the primers p-actin forward primer 5 '-TCAGCCA^SAGTGT- 
GGCC ATCTACG A-3 ' and 0-actin re verse primer 5 r -CAG- 
CGGAACCGCrCATTGCCAATGG-3 r . The reaction £ ro- 
duced a 295«bp PCR product. 

Amplification reactions (50 >l) contained a DNA 
sample, lOx PGR Buffer 11 (5 m^L 200 jjlm dATP, dCTP, 
dGtP, and 400 pM dUTP, 4 mw MgCt 2 , 1.25 Units Ampli- 
fy DNA polymerase, 0.5 unit AmpErase uracil rV-gly» 
cosylase (UNG). 50 pimole of each factor VIII primer, and 15 
pmole of each ^actin primer, the reactions also contained 
one of the following detection probes (100 riM each): 
FSprobe S ' ( F A M ) A G CTCTCG ACGTG CTTCTTTCTGT- 
GCCTTfTAMRA)p-3' and p.-actin probe 5*-(FAM)ATGCCC- 
X(TAMRA)CCCCCATGCCATCp-3' where p indicates 
phosphorylation and X indicates a linker arm nucleotide, 
Reaction tubes were MiapAmp Optical Tubes (part num- 
ber N801-0933, Perkin Elmer) that were frosted (at Perkin 
Elmer) to prevent light from reflecting Tube caps were 
similar to MieroAmp. Caps but specially designed to. pre- 
vent light scattering. All of the PCR consumables were sup- 
plied by P£ Applied Biosystems (Foster City, GA) except 
the factor Vlll primers, which were synthesized at Genen - 
tech, Inc. (South San Francisco, GA)- Probes were designed 
using the Oligo 4 0; software, following guidelines sug : 
gested in the Model 7700 Sequence Detector instrument 
manual. Briefly, probe T^-shou id be at : least S*C higher 
tha n the annealing tempera ture used dun hg ther mal cy 
cling; primers should not form stable duplexes with the 
probe: 

The thermal cycling conditions included 2 min at 
50*C and 10 min at 95 -C. Thcrma I cycling proceeded with 
40 cycles, of .«95 P C for 0.5 min and 6CTC for 1 min. All 



reactions wetVperfoTOedantfie Model 770Q Sequence De- 
\^ WHich ''^t^nV'auGeiieT 

.; Amp M'^t^|^?|?act|in ^ndiltl^--;wei^ pro? 
; grammed on^r Ppwer Macih 

Saritl Cla^.dA) linked* directly: 'to the ^cyrf;770 -Sex 
•1. ' ^t^cc'K^pf^;i^>^i$ of dat^ ..Was: also performed . on : 
the^a^tp^ 

Was develppedl^ &i ^E'AppUexi'Biw^tems; 

Transfection of JGelJs with Factor YUI Construct 

: Four T17S flasks pf 293 cells (ATGC GRLt 5 73), a human 
fetal kiclneyisuspenslon^celLlih con^ 
fluency and uarafe&^ 
: following media: S^HAMS Hi without GHT, ; 50% low 
gluco^^uibecco's moWted Eagle ^ 
' Wt^ycliie v i$1th sodium bicarbonate, Jtf^fdai; bovine 
/ ^rar^ 2^ 

cin^The media Wasxnarijged 30 rhln before the transfec- , 
tibn* pF8TM bNA;arapuhts of 40; 4; ; 0,S> andO.l were 
adNied t0 l:5>ml of a solution containing 0.125 M Cadj , 
and I X HEPES^ TOe four mixtures; were left^at room tern- 
%er>mre for cells. 
The, flasks were incubated at 3rG and, 5% CO^ for 24 hr, 
washed w,lth PB5> . and resuspehdedMri PBS. The resus- 
pended ceUs^were diyided into aliquots arid DNA was'.ex> 
tracted Immedtately uiing the QIAamp Blood Kit (Qiagen ( 
thatsworthVjCA). DNA vvas eluted into 200 u.1 of 20 mM 
Tris-HCl at pM 8.0; 
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